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Spinal cord trauma is associated not only with loss of 
nerve cells andfibers but also witli damage to oligoden- 
drocytes and demyelination. In order to assess the 
potentialof transplanted oligodendrocyte-uneage cells 
to repair the demyelination that follows spinal cord 
injury, we have used donor glia derived from a trans- 
genic mouse line containing the LaeZ transgene under 
control of the myelin basic protein promoter (16). Wia 
derived from fetal or neonatal transgenic mice were 
injected into the spinal cords of Lrumunoauppressed 
adult rats at the site of an experimental traumatic 
lesion 1-16 days after injury. Cells expressing LacZ 
were identified 15-18 days later in cryosections rostral 
and caudal to the transplant site, most conspicuously 
within white matter defects. Some of these cells within 
the dorsal columns gave rise to -30- to 60-um pro- 
cesses, consistent with myelin segments, which are 
oriented parallel to the fiber tract. Glial transplanta- 
tion may thus be a feasible means of replacing dam 
aged host oligodendrocytes with donor oligodendro- 
cyte-lineage cells capable of reforming myelin and 
potentially restoring function lost as a result of demy- 
elinationassociatedwithspinalcordinjury. BiM7A.Bd.mi. 
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INTRODUCTION 

Previous studies have shown that allografts of oligo- 
dendrocyte-lineage cells will form myelin in the central 
nervous system (CNS) of congenitally myelm-deficient 
animals (17, reviewed in 4) in developing normal CNS 
(19, 26) and in demyelinated lesions of the CN£> iz, 
15,27). Mouse glial cell xenografts into rat CNS have 
also succeeded in immunosuppressed hosts (12, 23). 
With both allografts and xenografts, the best results 
are produced not by adult oligodendrocytes but rattier 
by precursor cells obtained from fetal or neonatal 
donors {22, 27, 28). 

1 To wiiom reprint requests should be' addressed at HR 7U, NYU 
Medical Center, 400 East 34 Street, New York, NY 10016. Fax: (212) 
263 8007. EknaiL'ja<ijvis«iblntIt®mcccmjnedjiyu.edu. 
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Spinal cord injury has been shown to result not only 
in damage to neural elements but also in a significant 
amount of demyelination, which has been documented 
in an extensive series of studies (5-11). Glial transplan- 
tation here as well could potentially result m some 
degree of remyelination beyond what occurs spontane- 
ously (10) and might therefore lead to additional resto- 
ration of function. Transplanted glia could also serve to 
form myelin around regenerated axons. 

Studies of embryonic rat spinal cord transplanted 
into surgical lesions of adult rat spinal cord have shown 
survival, growth, and maturation of the transplants as 
well as extensive myelination of the donor tissue (20) 
Thus the environment of the lesioned adult spinal cord 
does not preclude myelin formation. In impact lesions 
however, the success of transplantation could be af- 
fected by the conspicuous inflammation that follows 
this form of trauma (7, 8), which could damage not only 
endogenous but also exogenous oligodendrocyte-Iin- 
eage cells. The environment of the traumatized spinal 
cord could thus compromise the survival of trans- 
planted oligodendrocytes or their ability to form my- 

6 order to investigate the feasibility of glial trans- 
plantation after spinal cord injury, we injected mouse 
oligodendrocyte-lineage cells into experimental trau- 
matic lesions of rat spinal cord caused by controlled 
impact (2, 18). Because of the presence of residual 
host-derived myelin-forming cells in the traumatized 
spinal cord, it would be difficult to distinguish them 
from donor myelm-fonning cells without a marker. For 
this reason, we used donor cells obtained from a 
transgenic mouse line which carries the LacZ (bacterial 
galactoaidase) gene under control of the MBP promoter 

(14,16). t ■ i j« 

OUgrjdench-ocyte-lineage cells from these animals ao 
not express LacZ constituitively. Thus 02Aprogenitors 
derived from neonatal donors would be LacZ" and 
would become LacZ + only after differentiating to the 
stage at which myeUnhasic protein (MBP) is expressed. 
The marker, therefore, does not identify all donor cells 
or even an oligodendrocyte-Hneage donor cells, but only 
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those oligodendrocytes that have matured sufficiently 
to transcribe the MBP gene. 

MATERIALS AND METHODS 

Female Long-Evans hooded rats weighing —300 g 
were anesthetized with pentobarbital (45 mg/kg ip), 
and laminectomy was performed at the T9-10 level. 
During surgery and postoperatively, body temperature 
was maintained at 37 ± 1°C by means of a heating pad. 
Spinal cord injury was inflicted by the NYU Impactor 
(2, 18) using a 10-g rod dropped from a height of 12.5 
mm. Muscle and akin were then closed over the laminec- 
tomy site. This trauma produces -50-70% loss of white 
matter at the impact site by 6 weeks after injury The 
lesion is centered in the central gray matter and 
extends concentrically outward to involve white matter 
and rostrocaudally about 5 mm. Rats injured by a 
12.5-mm weight drop suffer immediate paraplegia but 
typically recover locomotor function within 4 weeks, 
including ability to support weight and stepping, but 
without forelimb-hindlimb coordination. The bladders 
are paralyzed, and the rats require twice daily bladder 
expression until automatic micturation recovers r In 
order to prevent urinary tract infection, the rats are 
treated with an antibiotic (Renin, 30 mg/day for 7 days 
after injury). On the BBB scale (1 T 2), for assessing 
behavioral performance, the rats typically achieve a 
score of 10-11 at 2 weeks and 12-13 at 3 weeks out of a 
total scale of 0-21. 

Oligodendrocyte-lineage cells were obtained from 
M(iP5 transgenic mouse embryo (E16-20) or neonatal 
(Pl-2) brains (16). (Transgenic breeders were kindly 
provided by Dr, R. Laazarinl) The tissue was minced, 
dissociated with trypsin, and separated on a Percoll 
gradient according to methods used previously, which 
yield mixed glial cultures free of neurons (22). MpP 
mouse cells contain multiple copies of a transgene 
consisting of the LacZ reporter under control of MBP 
promoter/enhancer elements. Thus, transgenic cells of 
the oligodendrocyte lineage express LacZ only after 
they have differentiated to the point of MBP expres- 
sion. The transgene is not expressed by astrocytes or 
microglia. 

Glia obtained from the transgenic mice were either 
cultured in a C0 2 incubator for 8-20 days in vitro (DIV) 
or, in one case, purified, stored overnight at 4°C, and 
then used directly Cells to be transplanted were sus- 
pended in LIS culture medium. An aliquot was mixed 
with trypan blue and the concentration of live cells 
determined from counts in a hemocytometer. (Any cells 
stained with trypan blue were excluded from the count, ) 
Cell concentration was adjusted to —5 X 10 7 cells/ml, 
and 0.02 ml was then injected into the spinal cord of 
anesthetized rats (1-16 days postinjury) through the 
original laminectomy site, directed at the epicenter of 



the trauma, Cyclosporins (10 mg/kg/ip) was adminis- 
tered on the day of transplant and daily thereafter. 

Fifteen to eighteen days later, the rats were reanes- 
ilietized and fixed by vascular perfusion with 2% 
paraformaldehyde in 0.1 M cacodylate buffer (pH 7.3) 
containing 2 mM MgCl 2 and 1.25 mM EGTA. Previous 
studies have shown this to be the approximate time at 
which myelin formation by transplanted glia has pla- 
teaued and can be demonstrated reliably (22, 23). 
Spinal cords were divided into segments, infiltrated 
with sucrose, frozen, and sectioned either transversely 
or horizontally at -30-50 jim. Sections were processed 
in X-gal reaction solution overnight at neutral pH (16) 
and then mounted for examination and photography. 
Cells expressing bacterial (}-galactosidase are stained 
blue by this method. The mammalian enzyme, which is 
active at a much lower pH, produces no detectable 
reaction product when incubated under these condi- 
tions. 

Positive controls consisted of spinal cord sections 
from a transgenic mouse, processed together with the 
experimental sections in each staining run, to show 
that the reaction conditions and reagents were ad- 
equate to yield reaction product. A negative control 
consisted of a rat spinal cord subjected to equivalent 
trauma and not given a transplant, but incubated in 
X-gal reaction solution 21 days later. 

Transverse cryosections were cut from four succes- 
sive lengths of spinal cord, each -2-3 mm long, extend- 
ing rostrally from the lesion site and from four succes- 
sive lengths extending caudally. Some segments were 
sectioned horizontally. After incubation in the X-gal 
reaction solution, sections were scanned for blue- 
stained cells and photographed using a red filter. For 
each animal, the number of stained cells was counted in 
a randomly chosen single transverse section taken at 
each of the eight spinal cord levels adjacent to the 
lesion, and the counts were summed. 

RESULTS 

Spinal cord sections from our negative control showed 
no stained cells after incubation in the X-gal reaction 
solution (Fig. LA), indicating that under the conditions 
we used, mammalian galactosidases in host macro- 
phages or other host cells do not generate detectable 
reaction product from the X-gal reaction mixture. This 
negative result is consistent with results we have 
obtained in control animals from other studies (unpub- 
lished) in which traumatized or untraumatized rat 
spinal cords have been exposed to X-gal reaction mix- 
ture and also fail to show reaction product due to 
endogenous enzyme. In contrast, sections from LacZ 4 
adult mice from our transgenic breeding colony, used as 
positive controls, showed strong staining in all white 
matter tracts, as well as scattered stained cells in gray 



I d££U t to-unr-ZQ /6£Z0Z0| 



ROSRNBLVTHBTAL. 



174 





white matter and of — - — 
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FIG. 2. Sections incubated in X-gaL From successive 2- to 3-mm lengths CA-D rostral and E-G caudal to injury site). Transgenic glial 
transplant performed 13 days after injury. Fixed 17 days after transplant Clusters of stained cells are visible primarily in dorsal and lateral 
white matter regions at all levels fihowru In several cases (eg., at arrow) a lucent area of defective myelin surrounds the duster of stained cells. 
Stained cells are also Mattered within gray matter (c£ Fig. IB). 



ROSENBLUTHETAL. 




1 
1 
4 
6 

9 
13 
16 

* 



Pl + IODIV 
PI +10 DIV 
pi + 13 DIV 
E19/20 + JBDIV 
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column wbito mutter. Stained cells are also scattered through gray matter aad&mh^ar strings ^^.^SZ dS to 
SZfwhito matter at lower left. Same level as Fig. 2B. CB) Detailof fig. 2F showing dusten, ^"^ffS^ 
gray matter and in white matter defecte in dorsal and lateral white columns. Arrow mdieatea one Euch defect and, beyond it. a stained cell 

bearing a process. 



